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Abstract    Effect of three curing temperatures and two periods after coating of both silane and silane-siloxane layers on 
the surface protection abilities of concrete was investigated. Three temperatures were 5qC, 20qC and 60qC. One 
period was three days at 5qC, 20qC and 60qC, respectively, then eleven days at 20qC. Another was fourteen days 
at 5qC, 20qC and 60qC, respectively. The higher the temperature was, the deeper a penetrating depth and the 
lower ratios of water permeability and chloride-ion penetration were. On the other hand, a ratio of water 
absorption was little decreased when the curing temperature was increased. As for the curing period, there was 
only a little difference between the two in the measurement. This means that the difference within three days at 
the beginning of the curing conditions effectively influenced the surface protection abilities.
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Fig.1 Reaction scheme of silane 
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Fig.2 Image of silane condensation reaction on 
Pore surface in concrete 
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(2) Forming surface protection layer of siloxane bond by condensation reaction
(1) Fixing on the pore surface by silane hydrolysis
Pore  surface of concrete
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ᐇ㦂ࡢせᅉ࡜Ỉ‽ࢆ Table 1 ࡟♧ࡍࠋᮏᐇ㦂࡛
⏝࠸ࡿ⾲㠃ฎ⌮ᮦࡣ㸪ࢩࣛࣥ⣔⾲㠃ྵᾐᮦࡢࡳ㸦౪
ヨయ D㸧ࡀ 1✀㢮㸪ࢩࣛࣥ⣔⾲㠃ྵᾐᮦ࡜ࢩ࣭ࣛࣥ
ࢩࣟ࢟ࢧࣥ⣔⾲㠃ሬᕸᮦࢆሬᕸࡋࡓే⏝ᆺ㸦౪ヨ
య H㸧ࡀ 1✀㢮㸪ẚ㍑⏝࡜ࡋ࡚ᕷ㈍ࡉࢀ࡚࠸ࡿࢩ
ࣛࣥ⣔⾲㠃ྵᾐᮦ㸦౪ヨయ J㸧࡜↓ሬᕸࡢィ 4 Ỉ
‽࡜ࡋࡓࠋࢥࣥࢡ࣮ࣜࢺࡢ ‵ᗘ⎔ቃࡣ㸪 ᗘࡀ
5㸪20࠾ࡼࡧ 60Υࡢ 3Ỉ‽࡛㸪┦ᑐ‵ᗘࢆ 60%ࡢ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
୍ᐃ࡜ࡋࡓࠋỈࢭ࣓ࣥࢺẚࡣ 30㸪50 ࠾ࡼࡧ 60%
ࡢ 3Ỉ‽࡜ࡋࡓࠋ㣴⏕ᮇ㛫ࡣ㸪⾲㠃ฎ⌮ᮦሬᕸ๓
3 ᪥㛫ࢆ๓㏙ࡢᡤᐃࡢ ‵ᗘ⎔ቃ࡟࡚㣴⏕ࢆ⾜ࡗ
ࡓᚋ㸪⾲㠃ฎ⌮ᮦࢆሬᕸࡋࡓࠋࡑࡢᚋ㸪ᡤᐃࡢ 
‵ᗘ⎔ቃୗ࡟࡚ 14᪥㛫ࡢ㣴⏕ࢆ⾜࠺ࡶࡢ࡜㸪3᪥
㛫ࡢ㣴⏕ࢆ⾜ࡗࡓᚋ㸪ᜏ ᜏ‵ᐊෆ㸦 ᗘ 20s2Υ㸪
┦ᑐ‵ᗘ 60s5%㸧࡟࡚ 11 ᪥㛫㸦ィ 14 ᪥㛫㸧ࡢ
㣴⏕ࢆ⾜ࡗࡓࡶࡢࡢィ 2Ỉ‽࡜ࡋࡓࠋ 
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 ࢥࣥࢡ࣮ࣜࢺࡢ౑⏝ᮦᩱࢆ Table 2㸪ࢥࣥࢡ࣮ࣜ
ࢺࡢㄪྜࢆ Table 3㸪⾲㠃ฎ⌮ᮦࡢ✀㢮࡜ᛶ㉁ࢆ
Table 4㸪౪ヨయస〇ᡭ㡰ࢆ Fig.3 ࡟♧ࡍࠋ౪ヨయ
Table 7 Symbols in Figs 
Curing Temperature Curing Period 
Sample D
Sample H
Sample J
Untreated
 
Temperature(Υ)
5 60 
Sample D   
Sample H   
Sample J   
Untreated 
Table 6 Viscosity measurement of penetrant D 
Method 
(JIS Z 8803) 
Rotary viscometer ( Type TVB-10M)  
Rotor㸸M1 
Rotational speed㸸30rpm 
Measurement time㸸60s 
Result 
Temperature 
(Υ) 5 20 60 
Viscosity 
(mPs࣭s) 6.5 6.0 5.0 
Table 5 Testing items and standards 
Testing item Testing standard 
Gloss Gloss meter(Type CM-508) 
Appearance evaluation Spectrophotometer ( Type GM-60) 
Penetration depth 
JSCE-K571-2004 
Water permeability 
Water absorption 
Chloride-ion penetration 
Table 2 Materials used in concrete 
Material Symbol Substance Specification 
Cement C Ordinary Portland cement 
Density:3.16g/cm3 
Specific surface area:3.280cm2/g
Water W City water 㸫 
Coarse 
aggregate G Crushed stone 
Air-dry density:2.70g/cm3 
F.M.:6.64 
Water-absorption rate:0.63% 
Fine 
aggregate S Pit sand 
Air-dry density:2.61g/cm3 
 F.M.:2.75 
 Water-absorption rate:2.30%
Chemical 
admixture Ad 
High-range 
air-entraining and 
water-reducing 
admixture 
Polycarbonate 
Air-entraining and 
water-reducing 
admixture 
Lignin sulfonate and 
oxycarbonate 
Table 3 Mix proportion of concrete 
W/C 
(%) 
s/a 
(%) 
Bulk volume 
of coarse 
 aggregate per 
unit volume 
of concrete 
(m³/m³) 
Unit Content (kg/m³) 
Ad/C 
(%) 
Properties of Fresh
W C S G Air (%) 
Slump 
(cm) 
30 46 
0.550 170 
567 728 
863 
1.1 4.0 22.0 
50 51 340 914 0.9 4.3 18.0 
60 53 283 960 1.4 4.1 19.0 
Table 1 Experimental factors and levels 
Factor Material and level 
Type of  
surface treatment  
material 
Penetrant Sample D㸸Silane 
Combined 
type Sample H㸸Silane + Silane-Siloxane 
Control 
Sample J㸸Typical commercial penetrant 
Untreated 
Surface temperature (Υ) 5, 20, 60 
Relative humidity (%) 60 
W/C(%) 30, 50, 60 
Table 4 Characteristics of treatment materials 
Material Type Concentration (%) Catalyst Characteristic 
Penetrant Silane 100 No Repellency: not so strong  Reaction speed: fast 
Surface 
coating 
material 
Silane- 
siloxane 18 Yes 
Generating a polymer on the 
surface by a catalyst 
Typical 
commercial 
penetrant* 
Silane 15 No ̿ 
*Deduced from its catalog and MSDS data sheet 
Fig.3  Flow chart of specimen manufacturing 
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4 ࢩࣛࣥ⣔ྵᾐᮦ࡜ࢩ࣭ࣛࣥࢩࣟ࢟ࢧࣥ⣔⾲㠃ሬᕸᮦࡢሬᕸᚋ࡟࠾ࡅࡿ
㣴⏕ ᗘ࠾ࡼࡧ㣴⏕ᮇ㛫ࡢ┦㐪ࡀ⾲㠃ಖㆤຠᯝ࡟ཬࡰࡍᙳ㡪
ࡣ㸪Table 2࠾ࡼࡧ Table 3࡟ᇶ࡙ࡁ⦎ࡾΰࡐࡓࢥ
ࣥࢡ࣮ࣜࢺࢆ⏝࠸㸪JSCE-K571-2004࡟‽ࡌ࡚㸪ᜏ
 ᜏ‵ᐊෆ㸦 ᗘ 20s2Υ㸪┦ᑐ‵ᗘ 60s5%㸧࡟
࠾࠸࡚ᇶᯈࢆస〇ࡋࡓࠋ⾲㠃ฎ⌮ᮦࢆሬᕸࡍࡿ㝿㸪
ྵᾐᮦࡢࡳࡢሙྜ (౪ヨయ D㸪J)࡛ࡣ㸪ྵᾐᮦࢆ
୍ᗘሬࡾ࡜ࡋ㸪ྵᾐᮦ࡜⾲㠃ሬᕸᮦࢆే⏝ࡋࡓሙ
ྜ(౪ヨయ H)࡛ࡣ㸪ඛ⾜ࡋ࡚ྵᾐᮦࢆሬᕸࡋ㸪⾲
㠃ࡀ஝⇱ࡋࡓᚋ࡟⾲㠃ሬᕸᮦࢆሬᕸࡋࡓࠋ࡞࠾㸪
ሬᕸ㔞ࡣ࠸ࡎࢀࡶ 250g/m2࡜ࡋࡓࠋ 
 ヨ㦂㡯┠࠾ࡼࡧ᪉ἲ
 ヨ㦂㡯┠࠾ࡼࡧ᪉ἲࢆ Table 5 ࡟♧ࡍࠋྵᾐ῝
ࡉヨ㦂㸪㏱Ỉ㔞ヨ㦂㸪྾Ỉ⋡ヨ㦂࠾ࡼࡧሷ໬≀࢖
࢜ࣥᾐ㏱࡟ᑐࡍࡿ᢬ᢠᛶヨ㦂ࡣ㸪JSCE-K571-2004
࡟‽ᣐࡋࡓࠋࡲࡓ㸪ᮏ◊✲࡛ࡣࢥࣥࢡ࣮ࣜࢺ⾲㠃
ࡢ⨾ほᛶ࡟ᐤ୚ࡍࡿගἑᗘ࠾ࡼࡧ⾲㠃Ⰽ࡟ࡘ࠸࡚
ࡶేࡏ᳨࡚ウࡋࡓࠋ ᐃ᪉ἲࡣ㸪⾲㠃ฎ⌮ᮦࡢሬ
ᕸ㠃࡟࠾ࡅࡿ୰ᚰ࠾ࡼࡧ୰ᚰ࠿ࡽྛ 25mmࡢ 3⟠
ᡤࡢ఩⨨ࢆගἑᗘィ࠾ࡼࡧศග Ⰽィ࡟࡚ ᐃࡋ㸪
3⟠ᡤࡢᖹᆒࢆホ౯್࡜ࡋࡓࠋ⾲㠃Ⰽࡣ JIS Z 8729 
࡟‽ᣐࡋ㸪L*a*b*⾲Ⰽ⣔࡟ࡼࡿホ౯࡜ࡋࡓࠋ 
 ⤖ᯝ࠾ࡼࡧ⪃ᐹ
ࢩࣛࣥ⣔ྵᾐᮦࡢࢩࣟ࢟ࢧࣥ⤖ྜࡢ⥙┠ᵓ㐀ࡢ
⏕ᡂࡣ㸪๓㏙ࡢ࡜࠾ࡾ཯ᛂỈ㔞㸪཯ᛂ㏿ᗘ࠾ࡼࡧ
⢓ᗘࡀ኱ࡁࡃᙳ㡪ࡍࡿࡶࡢ࡜⪃࠼ࡽࢀࡿࠋࡇࡢ࠺
ࡕ㸪ྵᾐᮦ Dࡢ⢓ᗘ ᐃ⤖ᯝࢆ Table 6࡟♧ࡍࠋ
ࡇࢀ࡟ࡼࡾ㸪 ᗘࡀపࡃ࡞ࡿ⛬ྵᾐᮦࡢ⢓ᗘࡀ㧗
ࡃ࡞ࡿࡇ࡜ࢆ☜ㄆࡋࡓࠋ௨㝆࡟♧ࡍ⤖ᯝࡣ㸪ྛ✀
ヨ㦂㡯┠࡟࠾ࡅࡿ ᗘ౫Ꮡᛶ࠾ࡼࡧ㣴⏕ᮇ㛫ࡢ㛵
ಀࢆ♧ࡋ㸪ࡑࢀࡒࢀࡢซ౛ࢆ Table 7 ࡟♧ࡍࠋࡇ
ࡇ࡛㸪㣴⏕ᮇ㛫ࡢẚ㍑࡛ࡣ㸪 ᗘ 5Υ࡜ 60Υ࡛⾜
ࡗࡓࠋ࡞࠾㸪㏱Ỉẚ㸪྾Ỉẚ࠾ࡼࡧሷ໬≀࢖࢜ࣥ
ᾐ㏱῝ࡉẚ࡜ࡣ㸪↓ሬᕸࡢ౪ヨయ࡟ᑐࡍࡿ⾲㠃ฎ
⌮ᮦࡈ࡜ࡢẚࢆ⾲ࡍࠋ  
 ගἑᗘ
  ᗘ࡜ගἑᗘࡢ㛵ಀࢆ Fig.4㸪㣴⏕ᮇ㛫࡜ගἑᗘ
ࡢ㛵ಀࢆ Fig.5࡟♧ࡍࠋගἑᗘࡣ㸪ྵᾐᮦࡢࡳ(౪
ヨయ D㸪J)࡛ࡣ㸪↓ሬᕸ࡜࡯ࡰྠ➼࡛࠶ࡗࡓࡀ㸪
⾲㠃ሬᕸᮦࢆ౑⏝ࡋࡓే⏝ᆺ(౪ヨయ H)࡛ࡣ㸪ග
ἑᗘࡀ㧗ࡃ㸪ࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡀ⃿ࢀⰍ࡟ኚ໬ࡋ
࡚࠸ࡓࠋࡇࢀࡣ㸪⾲㠃ሬᕸᮦࡢゐ፹ࡢస⏝࡟ࡼࡾ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ࢥࣥࢡ࣮ࣜࢺࡢ⾲㠃࡟ሬ⭷ࢆᙧᡂࡋࡓࡵ࡜ᛮࢃࢀ
ࡿࠋ ᗘ࡟ࡼࡿᙳ㡪࡟ࡘ࠸࡚ࡣ㸪 ᗘࡀ㧗࠸࡯࡝㸪
ගἑᗘࡀ኱ࡁࡃ࡞ࡿഴྥࢆ♧ࡋࡓࠋ୍᪉㸪㣴⏕ᮇ
㛫ࡢ┦㐪ࡀගἑᗘ࡬ཬࡰࡍᙳ㡪࡟ࡘ࠸࡚ࡣ㸪㣴⏕
3᪥㛫ࡢ᪉ࡀගἑᗘࡀ኱ࡁࡃ࡞ࡿഴྥࢆ♧ࡋࡓࠋ 
Fig.5 Relationship between curing period 3d and 14d 
in gloss measurement 
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Fig.6 Relationship between 
temperature and color difference 
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Fig.7 Relationship between curing period 3d and 14d 
in color difference measurement 
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Fig.4 Relationship between temperature and gloss 
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 ᗘ࡜Ⰽᕪࡢ㛵ಀࢆ Fig.6 ࡟㸪㣴⏕ᮇ㛫࡜Ⰽᕪ
ࡢ㛵ಀࢆ Fig.7࡟♧ࡍࠋⰍᕪ(ǻE)ࡣ↓ሬᕸ࡜ࡢᕪ࡛
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໬ࡀ⾲㠃Ⰽ࡟୚࠼ࡿᙳ㡪ࡣᑡ࡞࠸ࡶࡢ࡜ᛮࢃࢀࡿࠋ 
୍᪉㸪㣴⏕ᮇ㛫ࡢ┦㐪ࡀⰍᕪ࡬ཬࡰࡍᙳ㡪࡟ࡘ
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Fig.9 Relationship between curing period 3d and 14d 
in penetrating depth measurement 
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Fig.10 Relationship between the 
temperature and ratio water permeability 
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Fig.11 Relationship between curing period 3d and 14d 
in ratio of water permeability measurement 
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Fig.8 Relationship between 
temperature and penetrating depth 
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6 ࢩࣛࣥ⣔ྵᾐᮦ࡜ࢩ࣭ࣛࣥࢩࣟ࢟ࢧࣥ⣔⾲㠃ሬᕸᮦࡢሬᕸᚋ࡟࠾ࡅࡿ
㣴⏕ ᗘ࠾ࡼࡧ㣴⏕ᮇ㛫ࡢ┦㐪ࡀ⾲㠃ಖㆤຠᯝ࡟ཬࡰࡍᙳ㡪
࡞࠿ࡗࡓࡓࡵ࡜ᛮࢃࢀࡿࠋ୍᪉㸪 ᗘࡀ 20Υ௨ୖ
࡛ࡣ㸪㏱Ỉẚࡀᑠࡉࡃ࡞ࡿഴྥࢆ♧ࡋࡓࠋࡇࢀࡣ㸪
ྵᾐᮦࡢ཯ᛂࡀ༑ศ࡟㐍⾜ࡋ㸪⥙┠ᵓ㐀ࡀࡼࡾ⦓
ᐦ࡟࡞ࡗࡓࡓࡵ࡜ᛮࢃࢀࡿࠋ 
ే⏝ᆺ(౪ヨయ H)࡛ࡣ㸪࠸ࡎࢀࡢ ᗘ࡛ࡶྵᾐ
ᮦࡢࡳ(౪ヨయ D㸪J)࡜ẚ㍑ࡋ࡚㏱Ỉẚࡀపୗࡍࡿ
ഴྥࢆ♧ࡋࡓࠋࡇࢀࡣ㸪⾲㠃ሬᕸᮦࡢ㒊ศ࠾ࡼࡧ
ྵᾐᒙࡢ཮᪉࡟ࡼࡾỈࡢᾐ㏱ࢆపῶࡋࡓࡓࡵ࡜ᛮ
ࢃࢀ㸪≉࡟ྵᾐᮦࡢࡳ࡛ࡣ㸪 ᗘࡀ 5Υࡢሙྜ㏱
Ỉẚࡀ㧗ࡃ࡞ࡗࡓࡀ㸪⾲㠃ሬᕸᮦࢆే⏝ࡍࡿࡇ࡜
࡟ࡼࡾ㸪20Υ࠾ࡼࡧ 60Υ࡜࡯࡜ࢇ࡝ᕪ␗ࡀ↓ࡃ㸪
⾲㠃ಖㆤຠᯝࡢᨵၿࡀ☜ㄆ࡛ࡁࡓࠋࡇࡢࡇ࡜࠿ࡽ㸪
ప ⎔ቃୗ࡛ࡢ᪋ᕤࡀồࡵࡽࢀ࡚ࡶ㸪ే⏝ᆺ࡟ࡍ
ࡿࡇ࡜࡟ࡼࡾ㏻ᖖࡢ ᗘ⎔ቃ࡛ࡢ᪋ᕤ࡜㐯Ⰽ࡞࠸
⪏Ỉᛶࡀ⥔ᣢ࡛ࡁ㸪ሬᕸ᫬࡟࠾ࡅࡿ ᗘ౫Ꮡᛶࢆ
ᨵၿ࡛ࡁࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋ 
୍᪉㸪㣴⏕ᮇ㛫ࡢ┦㐪ࡀ㏱Ỉẚ࡟ཬࡰࡍᙳ㡪࡟
ࡘ࠸࡚㸪ࡑࡢᕪ␗ࡣ࡯࡜ࢇ࡝☜ㄆࡉࢀ࡞࠿ࡗࡓࠋ
㏱Ỉẚࡢ ᐃ࡛ࡣ㸪Ỉ㢌 250mm ࡢỈᅽࡀ࠿࠿ࡿ
ࡓࡵ㸪ࢥࣥࢡ࣮ࣜࢺෆ㒊ࡢࢩࣟ࢟ࢧࣥ⤖ྜࡢ⥙┠
ᵓ㐀ࡢᙧែ࡟኱ࡁࡃᙳ㡪ࢆཷࡅࡿ࡜ᛮࢃࢀࡿࠋࡋ
࠿ࡋ㸪㣴⏕ᮇ㛫ࡢ┦㐪࡟ࡼࡿ㏱Ỉẚࡢᕪ␗ࡀᑡ࡞
࠸ࡇ࡜࠿ࡽ㸪⾲㠃ฎ⌮ᮦࡢሬᕸᚋ㸪3 ᪥௨ෆ࡛ࡢ
㣴⏕ ᗘࡢ┦㐪ࡀ㸪ࢩࣟ࢟ࢧࣥ⤖ྜࡢ⥙┠ᵓ㐀ࡢ
ᙧᡂ࡟኱ࡁ࡞ᙳ㡪ࢆཬࡰࡋࡓࡶࡢ࡜ᛮࢃࢀࡿࠋ 
 ྾Ỉẚ
  ᗘ࡜྾Ỉẚࡢ㛵ಀࢆ Fig.12㸪㣴⏕ᮇ㛫࡜྾Ỉ
ẚࡢ㛵ಀࢆ Fig.13࡟♧ࡍࠋ྾Ỉẚࡣ㸪㏱Ỉ㔞࡜ྠ
ᵝ࡟ ᗘࡀ㧗࠸࡯࡝྾Ỉẚࡀపୗࡍࡿ࡜ண᝿ࡋ࡚
࠸ࡓࡀ㸪ᐇ㝿ࡣ࡯࡜ࢇ࡝ᙳ㡪ࢆཷࡅ࡞࠿ࡗࡓࠋࡇ
ࢀࡣ㸪ヨ㦂᪉ἲࡢ㐪࠸࡟ࡼࡿࡶࡢ࡛㸪ືⓗ⪏Ỉᛶ
࡛࠶ࡿ㏱Ỉ㔞ヨ㦂࠾ࡼࡧ㸪㟼ⓗ⪏Ỉᛶ࡛࠶ࡿ྾Ỉ
⋡ヨ㦂࡛ࡣ㸪౪ヨయ࡟᥃࠿ࡿỈᅽࡢ┦㐪࡟ࡼࡾ㸪
཮᪉ࡢ⪏Ỉᛶ⬟࡟ᕪ␗ࡀ⏕ࡌࡓࡶࡢ࡜ᛮࢃࢀࡿࠋ 
ే⏝ᆺ(౪ヨయ H)ࡢሙྜ㸪ྵ ᾐᮦࡢࡳ(౪ヨయ D㸪 
J)࡜ẚ㍑ࡋ࡚㸪྾Ỉẚࡀపୗࡍࡿഴྥࢆ♧ࡋࡓࠋ
ࡇࢀࡣ㸪㏱Ỉ㔞ヨ㦂࡜ྠᵝ࡟㸪⾲㠃ሬᕸᮦࡢ㒊ศ
࠾ࡼࡧྵᾐᒙࡢ཮᪉࡟ࡼࡾỈࡢᾐ㏱ࢆపῶࡋࡓࡓ
ࡵ࡜ᛮࢃࢀࡿࠋ 
ࡲࡓ㸪྾Ỉẚ࡛ࡣ㣴⏕ᮇ㛫ࡢ┦㐪࡟ࡼࡿᙳ㡪ࡀ㸪
࡯࡜ࢇ࡝☜ㄆࡉࢀ࡞࠿ࡗࡓࠋ㣴⏕ᮇ㛫ࡢ┦㐪࡟ࡼ
ࡿ྾Ỉẚࡢᕪ␗ࡀᑡ࡞࠸ࡇ࡜࠿ࡽ㸪⾲㠃ฎ⌮ᮦࡢ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ሬᕸᚋ㸪3 ᪥௨ෆ࡛ࡢ㣴⏕ ᗘࡢ┦㐪ࡀ㸪ࢩࣟ࢟
ࢧࣥ⤖ྜࡢ⥙┠ᵓ㐀ࡢᙧᡂ࡟኱ࡁ࡞ᙳ㡪ࢆ୚࠼ࡓ
ࡶࡢ࡜ᛮࢃࢀࡿࠋ 
 ሷ໬≀࢖࢜ࣥᾐ㏱࡟ᑐࡍࡿ᢬ᢠᛶ
  ᗘ࡜ሷ໬≀࢖࢜ࣥᾐ㏱῝ࡉẚࡢ㛵ಀࢆ Fig.14㸪
㣴⏕ᮇ㛫࡜ሷ໬≀࢖࢜ࣥᾐ㏱῝ࡉẚࡢ㛵ಀࢆ
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Fig.13 Relationship between curing period 3d and 14d 
in ratio of water absorption measurement 
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Fig.12 Relationship between 
temperature and ratio of water absorption 
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Fig.14 Relationship between 
temperature and ratio of chloride-ion penetration 
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Fig.15 Relationship between curing period 3d and 14d 
in ratio of chloride-ion penetration measurement 
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Fig.15 ࡟♧ࡍࠋሷ໬≀࢖࢜ࣥᾐ㏱࡟ᑐࡍࡿ᢬ᢠᛶ
ヨ㦂ࡣ㸪྾Ỉ⋡ヨ㦂࡜ྠᵝ࡞ヨ㦂᪉ἲ࡛࠶ࡿࡀ㸪
ヨ㦂ᮇ㛫ࡀ㛗࠸ࡢࡀ≉ᚩ࡛࠶ࡿࡓࡵ㸪྾Ỉẚ࡜ẚ
࡭ࡿ࡜ࡑࡢᕪࡣࡼࡾ኱ࡁࡃ⾲ࢀ࡚࠸ࡓࠋሷ໬≀࢖
࢜ࣥᾐ㏱῝ࡉࡣ㸪௚ࡢヨ㦂⤖ᯝ࡜ྠᵝ࡟ ᗘࡀప
࠸⛬㸪῝ࡃ࡞ࡿഴྥࢆ♧ࡋࡓࠋࡇࢀࡣ㸪 ᗘࡀప
࠸ࡓࡵ㸪ࢩࣟ࢟ࢧࣥ⤖ྜࡢ⥙┠ᵓ㐀ࡀ༑ศ࡟ᙧᡂ
ࡉࢀ࡞࠿ࡗࡓࡓࡵ࡜ᛮࢃࢀࡿࠋ୍᪉㸪 ᗘࡀ 20Υ
௨ୖࡢሙྜ࡛ࡣ㸪ྵᾐᮦࡢ཯ᛂࡀ༑ศ࡟㐍⾜ࡋ㸪
⥙┠ᵓ㐀ࡀࡼࡾ⦓ᐦ࡟࡞ࡗࡓࡶࡢ࡜ᛮࢃࢀࡿࠋ 
ే⏝ᆺ(౪ヨయ H)࡛ࡣ㸪ሷ໬≀࢖࢜ࣥᾐ㏱῝ࡉ
ẚࡀᑠࡉࡃ࡞ࡗࡓࠋࡇࢀࡣ㸪⾲㠃ሬᕸᮦࡢ㒊ศ࠾
ࡼࡧྵᾐᒙࡢ཮᪉࡟ࡼࡾ㸪ሷ໬≀࢖࢜ࣥࢆྵࡴỈ
ࡢᾐ㏱࡟ᑐࡍࡿ᢬ᢠࡀ⏕ࡌࡓࡓࡵ࡜ᛮࢃࢀࡿࠋ 
୍᪉㸪㣴⏕ᮇ㛫ࡢ┦㐪ࡀሷ໬≀࢖࢜ࣥᾐ㏱῝ࡉ
ẚ࡟ཬࡰࡍᙳ㡪࡟ࡘ࠸࡚ࡣ㸪㣴⏕ 3᪥㛫࡟࠾࠸࡚
ሷ໬≀࢖࢜ࣥᾐ㏱῝ࡉẚࡀ኱ࡁࡃ࡞ࡿഴྥࢆ♧ࡋ
ࡓࠋࡇࡢ⌮⏤࡜ࡋ࡚ࡣ㸪ᮏヨ㦂ࡀ 63᪥㛫ࡢ㛗ᮇヨ
㦂࡛࠶ࡿࡓࡵ㸪㣴⏕ᮇ㛫ࡢᕪ࡟ࡼࡾ⏕ࡌࡓࢩࣟ࢟
ࢧࣥ⤖ྜࡢ⥙┠ᵓ㐀ࡢഹ࠿࡞ኚ໬࡟ᑐࡋ࡚㸪ᙳ㡪
ࢆཷࡅࡓࡶࡢ࡜ᛮࢃࢀࡿࠋ 
 ⤖ㄽ
ᮏ◊✲࡛ࡣ㸪ࢩࣛࣥ⣔ྵᾐᮦ࡜ࢩ࣭ࣛࣥࢩࣟ࢟
ࢧࣥ⣔⾲㠃ሬᕸᮦࡢే⏝࡟ࡼࡿ⾲㠃ಖㆤຠᯝࡢ 
ᗘ౫Ꮡᛶ࠾ࡼࡧ㸪⾲㠃ฎ⌮ᮦሬᕸᚋ࡟࠾ࡅࡿ㣴⏕
 ᗘ࡜㣴⏕ᮇ㛫ࡢ┦㐪ࡀ⾲㠃ฎ⌮ᮦࡢ⾲㠃ಖㆤຠ
ᯝ࡟ཬࡰࡍᙳ㡪࡟ࡘ࠸᳨࡚ウࡋࡓࠋ 
ࡑࡢ⤖ᯝ㸪㣴⏕ᮇ㛫ࡢ┦㐪ࡀ⾲㠃ಖㆤຠᯝ࡟୚
࠼ࡿᙳ㡪ࡣ㸪࡯࡜ࢇ࡝☜ㄆࡉࢀ࡞࠿ࡗࡓࡇ࡜࠿ࡽ㸪
⾲㠃ฎ⌮ᮦࡢሬᕸᚋ 3᪥௨ෆ࡟࠾ࡅࡿ㣴⏕ ᗘࡢ
┦㐪ࡀࢥࣥࢡ࣮ࣜࢺࡢ⾲㠃ಖㆤຠᯝ࡟ᙳ㡪ࢆཬࡰ
ࡍྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋ 
ࡲࡓ㸪 ᗘኚ໬ࡀࢥࣥࢡ࣮ࣜࢺࡢ⾲㠃ಖㆤຠᯝ
࡟ཬࡰࡍᙳ㡪࡟ࡘ࠸࡚㸪௨ୗ࡟ࡲ࡜ࡵࡿࠋ 
 
 
 
 
 
 
(1) ගἑᗘ࠾ࡼࡧ⾲㠃Ⰽ࡛ࡣ㸪ගἑᗘࡢ ᗘ౫Ꮡ
ᛶࡀ☜ㄆࡉࢀࡓࠋ 
(2) ྵᾐ῝ࡉࡣ㸪 ᗘࡀ㧗࠸࡯࡝኱ࡁࡃ࡞ࡗࡓࠋ 
(3) ㏱Ỉẚ࠾ࡼࡧሷ໬≀࢖࢜ࣥᾐ㏱῝ࡉẚ࡛ࡣ㸪
 ᗘࡀ㧗࠸⛬ࢥࣥࢡ࣮ࣜࢺࡢ⾲㠃ಖㆤຠᯝࡀ
ྥୖࡋࡓࠋ 
(4) ྾Ỉẚ࡛ࡣ㸪 ᗘ࡟ࡼࡿᙳ㡪ࡣ☜ㄆࡉࢀ࡞࠿
ࡗࡓࠋ 
௨ୖ࠿ࡽ㸪ࢩࣛࣥ⣔⾲㠃ྵᾐᮦࡢ⾲㠃ಖㆤຠᯝ
ࡢ ᗘ౫Ꮡᛶࡀ᫂ࡽ࠿࡜࡞ࡾ㸪ప ⎔ቃୗ࡟࠾ࡅ
ࡿ᪋ᕤࡣ㸪⾲㠃ಖㆤຠᯝࢆ༑ศ࡟Ⓨ᥹࡛ࡁ࡞࠸ࡇ
࡜ࡀᠱᛕࡉࢀࡿ୍᪉࡛㸪ᵓ㐀యࢥࣥࢡ࣮ࣜࢺ⾲㠃
࠶ࡿ࠸ࡣ㸪ࢩࣛࣥ⣔⾲㠃ྵᾐᮦࢆຍ ࡍࡿࡇ࡜࡛㸪
⾲㠃ಖㆤຠᯝࡀྥୖ࡛ࡁࡿྍ⬟ᛶࡀணぢࡉࢀࡓࠋ 
ࡲࡓ㸪⾲㠃ฎ⌮ᮦሬᕸᚋࡢẚ㍑ⓗ᪩ᮇ࡛ࡢ㣴⏕
 ᗘࡢ┦㐪࡟ࡼࡾ㸪⾲㠃ಖㆤຠᯝࡀᙳ㡪ࢆཷࡅࡿ
ྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿࠋࡑࡇ࡛㸪ᐮ෭ᆅ࡟࠾࠸࡚ࡶ
㏻ᖖ⎔ቃୗ࡜㐯Ⰽ࡞࠸⾲㠃ಖㆤຠᯝࡢ☜ಖࢆ┠ⓗ
࡜ࡋࡓ㸪ຍ ࡟ࡼࡿሬᕸ᪉ἲ(ࣉࣞࣄ࣮ࢸ࢕ࣥࢢᕤ
ἲ)ࡢ☜❧࠾ࡼࡧ㸪⾲㠃ฎ⌮ᮦࡢሬᕸᚋ࡟࠾ࡅࡿ᭱
㐺࡞㣴⏕ ᗘࡢ᳨ウࡀ㸪௒ᚋࡢ᳨ウㄢ㢟࡜ࡋ࡚࠶
ࡆࡽࢀࡿࠋ 
 
ㅰ㎡ 
 ᐇ㦂࡟㝿ࡋ࡚㸪ࡶࡢࡘࡃࡾ኱Ꮫ኱ሯ◊✲ᐊࡢᏛ⏕ࡼࡾ㸪
ከ኱࡞ຓຊࢆᚓࡓࠋࡇࡇ࡟㸪グࡋ࡚ㅰពࢆ⾲ࡍࡿࠋ 
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